P alivizumab is a recombinant humanized murine monoclonal antibody directed against an epitope on the F glycoprotein of respiratory syncytial virus (RSV). The two original randomized controlled trials used five monthly doses as prophylaxis in preterm infants (1) and children with congenital heart disease (2), demonstrating efficacy in preventing RSV hospitalizations ranging from approximately 50% in preterm infants with chronic lung disease and infants with congenital heart disease (number needed to treat [NNTT] 20 to 23) to 80% in preterm infants without chronic lung disease (NNTT 12 to 16) (3). It has recently been shown that there can be false-negative results for the detection of RSV in the presence of palivizumab (4); thus, the NNTT may be higher than reported in these studies. A recent randomized controlled trial demonstrated that palivizumab administered to healthy infants born at 33 to 35 weeks' gestation for their first RSV season decreased days with wheezing in the first year of life from 4.5% to 1.8% (P<0.001) and decreased the incidence of recurrent wheezing from 21% to 11% (P=0.01), with the positive effect persisting beyond the RSV season (5). Palivizumab appears to be remarkably safe, with the only serious adverse event being rare cases of anaphylaxis.
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Most Canadian children are offered palivizumab monthly throughout their first and sometimes their second RSV season if they were born before 32 weeks' gestational age, have chronic lung disease of prematurity or have hemodynamically significant congenital heart disease. Indications for use at 32 to 36 weeks' gestation vary across the country. Many jurisdictions use some modification of a scoring tool developed in Canada (6) with an estimated NNTT of 11 to 18 to prevent 80% of hospitalizations (3) .
Indications for palivizumab remain controversial because the drug is costly (the drug cost in Canada is approximately $7,500 for five doses for a child with a mean weight of 5 kg). Wastage is common because vials are preservative free. Although palivizumab is not a blood product, it was initially distributed by Canadian Blood Services. This resulted in it not being evaluated by the same processes that are applied to new vaccines or pharmaceuticals. Decisions about use in each jurisdiction are made by varying combinations of representatives from infectious diseases, neonatology, pulmonary, public health and nursing, with decisions about children who do not meet the standard indications sometimes being made by a single physician.
There remain many unanswered questions about palivizumab: • Should the complexity of neonatal intensive care unit discharge date be factored in when deciding which infants to prophylax? A study from British Columbia showed that discharge date is more predictive of RSV hospitalization than birth date (7) . • Should twins receive palivizumab if only one meets the eligibility criteria? • If a child develops breakthrough RSV, should palivizumab be continued? Second RSV infections during one season occur and the product monograph recommends continuation, but the NNTT is no doubt very high. • Should palivizumab be used in children >2 years of age? Almost all children experience RSV infection in the first two years of life and then experience repeated, milder infections throughout life. Severe RSV infections are rare in children >2 years of age, but do occur in children with severe chronic diseases. There are no data regarding the rates of RSV hospitalization in children >2 years of age with specific underlying conditions. Administration typically requires >3 intramuscular injections per dose or off-label intravenous use. • Should palivizumab be used to potentially prevent outbreaks of nosocomial RSV in neonatal intensive care units, as it is being used in some Canadian centres? Administering doses to infants long before the anticipated discharge date adds to the expense in an attempt to prevent a relatively rare event. It appears likely that improved infection control practices or administration of palivizumab to high-risk infants once a nosocomial case is identified are less expensive strategies. • Should palivizumab be given to term infants in remote communities? Two studies have documented extraordinarily high rates of RSV hospitalization in specific communities in Nunavut (8, 9) . Administration of palivizumab is sufficiently complicated in remote communities that even reaching all infants who fit the standard criteria is challenging.
• When in the year should one begin to administer palivizumab?
Similar to influenza season, RSV season in Canada typically starts in November, December or January. However, the season often starts later in more northern regions. Some palivizumab programs use the same start date every year because this simplifies booking clinics. Other programs wait until there is significant local RSV activity. A recent study demonstrated that for a four-year period in Hamilton (Ontario), use of a fixed start date would have increased costs because a median of one extra dose per child would have been required to prophylax to the end of RSV season (10) . The decision regarding when to give the first dose is especially complicated in the far north. It is suboptimal to match the start date to that of the closest large city, often thousands of kilometers south. On the other hand, a significant number of cases may occur before RSV is documented locally and palivizumab administered, given the turnaround time for laboratory results from remote communities. • How many doses of palivizumab should be given during RSV season? RSV season lasts longer than influenza season. The median duration in the recent study in Hamilton was 125 days, with a range of 90 to 181 days (10) . There are surprisingly few studies investigating serum palivizumab levels (11) . The level that is postulated to prevent RSV hospitalization is based solely on the fact that a trough of 25 µg/mL to 30 µg/mL decreased RSV titres by an average of 99% in the lungs of cotton rats (12) with all achieving a 99% drop at 40 µg/mL (13) . Even if 40 µg/mL is the correct target trough in children, lower doses (14), less frequent dosing or a smaller number of total doses (3) have the potential to protect children throughout RSV season because the trough remains above the target range for >30 days following the third dose (12, 15) . Based on this premise, the British Columbia program administers a maximum of three doses to many children, with no apparent increase in breakthrough hospitalizations (16) . A maximum of three doses appears to be especially appropriate if one chooses to prophylax infants born at 32 to 36 weeks' gestation because their risk of RSV hospitalization approximates pediatRic infectious diseases notes ©2014 Pulsus Group Inc. All rights reserved that of a one-month-old term infant when they reach four months of age (17) . • What is the optimal spacing between the first two doses? To attempt to remain above the theoretical target trough of 40 µg/mL, some Canadian programs still administer the second dose three weeks after the first dose. However, this is not the recommended practice in the product monograph and there are no data showing that this practice improves outcomes. • Should palivizumab ever be used for treatment of severe RSV? A 2011 systematic review found no evidence of benefit (18); however, it is not unusual for desperate physicians to administer palivizumab intravenously to children or even immunocompromised adults. • Is palivizumab cost effective? Disparate results of cost analyses correlate with whether the study was industry sponsored (19) . Because the cost of five doses is higher than the cost of most RSV admissions, palivizumab can only be cost effective in fly-in communities with aberrantly high hospitalization rates (8) , or if palivizumab prevents mortality or long-term morbidity. There is no evidence that breakthrough infections are more severe than those in children who were not prophylaxed or that palivizumab prevents deaths. Although palivizumab prevents wheezing in the first year of life (4), more data are required to determine whether there is an impact on the incidence or severity of asthma. A provocative commentary recently suggested that given the cost:benefit ratio, indications for palivizumab should be further restricted (19) . • Will palivizumab resistance become a clinically significant phenomenon? A recent Canadian study found that RSV mutants that interfered with palivizumab binding were detected in two of 23 (9%) palivizumab recipients and zero of 100 controls (20) . • Perhaps most importantly, how do we ensure that use of palivizumab is equitable across Canada? There is no question that if we administered palivizumab to every child with a predictable increased risk of being hospitalized with RSV, we would bankrupt the health care system while barely changing the total number of RSV hospitalizations because most occur in healthy children. An update of the 2003 National Advisory Committee on Immunization (NACI) statement on palivizumab (21) could promote uniform use. However, to ensure that use is rational, more data are required. National surveillance for RSV hospitalizations would be beneficial. Even surveillance limited to children with the current indications for palivizumab, intensive care admission, prolonged stays, Down syndrome, cystic fibrosis, neurological disorders and immunodeficiencies could be used to answer many of the above questions.
